Background: Allergic asthma is a chronic inflammatory airway disease mediated by immunologic mechanisms. Based on the degree of severity, allergic asthma is divided into intermittent asthma and persistent asthma. IgE plays an important role in mediating allergic response in asthma; however, there are no studies on total IgE levels in adult asthmatic patients in Indonesia based on disease severity. This study aimed to determine the difference of serum total IgE levels between adult patients with intermittent and persistent allergic asthmas.
Asthma is a heterogeneous disease, characterized by a chronic inflammation of the airway.
1 Diagnosis of asthma is based on the typical respiratory symptoms and spirometry test.
2 Based on its severity, asthma is categorized as intermittent and persistent asthmas, which can be further grouped as mild, moderate, and severe. 3 Allergic asthma is an immunologically mediated asthma, which is orchestrated by the immunoglobulin E (IgE). 4 Most of the IgE molecules are located in the tissue; the free IgE in the serum is the lowest level of all type of IgE. Although total IgE level is very low in the serum, it is highly biologically active due to its bond with highaffinity receptor (FceRI) in the surface of mast cells and basophils. Allergen binding to IgE and then to FceRI in mast cells or basophils may cause cell degranulation, release inflammatory mediators and cytokines, and result in hypersensitivity symptoms such as plasma extravasation, smooth muscle cell contraction, and itching.
5
Asthmatic patients showed higher total serum IgE levels than non-asthmatic people. 6 The normal range for total serum IgE levels is 1.5-144 kU/l (1 kU/l=1 IU/ml). 7 The recommended upper limit for total serum IgE levels is 195.1 IU/ml, 8 but other study proposed a value of more than 300 IU/ml to consider it pathologic.
9 Specific IgE level to house dust mite in sensitized adults with asthma is directly correlated with settled dust level of these allergens. A correlation was found between the specific IgE allergen level with a range of inflammatory, physiologic, and clinical markers. This suggests the use of indoor allergen-specific IgE levels as potential clinical biomarkers. Some allergen-specific IgE levels could be used for measuring the exposure and the degree of sensitization, and will also relate with the disease severity. 10 There are no studies on allergen-specific IgE related to asthma severity available in Indonesia. This study aimed to evaluate the serum total IgE levels among adult patients with intermittent and persistent allergic asthmas to explore the role of exposure and sensitization to allergens in the disease severity.
METHODS

Study design and subjects
This was a cross-sectional study conducted between January and August 2017 in the Department of Internal Medicine, Faculty of Medicine, Universitas Indonesia-Cipto Mangunkusumo Hospital, Jakarta. Subjects were recruited from the outpatient clinic of Allergy and Clinical Immunology Division. Study subjects were adult allergic asthma patients (19-59 years old), who were invited for serum total IgE testing. Patients were excluded if they were undergoing immunotherapy or had serum total IgE levels less than 10 IU/ml. An oral and a written informed consent were obtained from each patient. 
Assessment of asthma severity
Instead of using the Global Initiative for Asthma (GINA) criteria, this study used the 2007 National Institutes of Health (NIH) criteria as described in this paragraph. GINA classifies asthma as mild, moderate, and severe while NIH classifies it as intermittent and persistent. Despite having different terminologies, the two classifications are basically similar.
Every subject went through these steps: history taking, physical examination, spirometry test, skin prick test, serum total IgE test, and asthma severity classification based on the 2007 NIH. The data collected from each subject were then processed and analyzed. Intermittent asthma is defined as a degree of asthma where the symptoms occur <2 days per week; nocturnal asthma occurs <2 days per month; the use of β-2 agonist to relieve the symptoms is <2 times per week, with no limitation of normal activities; the lung function predicted forced expiratory volume in 1 second (FEV1) >80% and normal FEV1/forced vital capacity (FVC). Persistent asthma is defined as an asthma degree where the symptoms occur >2 days per week but not daily; nocturnal asthma occurs <3-4 times a month; the use of β 2 agonist to control symptoms is >2 times per week, but it is not used daily, and it is not used more than twice a day; minor limitation in normal activities; lung function predicted FEV1 >80% and normal FEV1/FVC.
Serum Total IgE Measurement
Serum total IgE was measured using a commercial kit (Polycheck ® Allergy, Biocheck
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GmbH, Münster, Germany) and was performed according to the protocol provided by the manufacturer. Serum from the patient's vein blood was added by a start solution, followed by incubation, washing, and anti-IgE treatment. Then, enzyme conjugate and luminescence reagents were added. The result was read using Biocheck Image Software. The results were expressed in International Units (IU/ml). The limit of detection was 0.15 IU/ml.
Statistical analysis
Demographic and clinical profile of the study subjects was presented descriptively. The mean serum total IgE levels were compared between intermittent and persistent asthmas using a Mann-Whitney U test. A p-value of less than 0.05 was considered significant. Analyses were performed using the Statistical Product and Service Solutions (SPSS Inc., Chicago, Illinois, USA) version 17.0 for Windows PC.
RESULTS
A total of 60 patients were enrolled, with 80% of them being women. Patients' mean age was 39.2 (12.3) years old. Most patients had both asthma and allergic rhinitis. There were 11 (18.3%) patients with intermittent asthma and 49 (81.7%) patients with persistent asthma. Other characteristics are shown in Table 1 . (Table 1) .
DISCUSSION
This study aimed to evaluate the serum total IgE levels among adult patients with intermittent and persistent allergic asthmas to explore the role of exposure and sensitization to allergens in the disease severity. The median difference of serum IgE levels between intermittent and persistent asthmas was statistically significant. IgE level is related to the degree of exposure and disease severity. 10 The higher total IgE levels in persistent asthma compared to intermittent asthma showed an indication that the environmental control is an important factor in treating the diseases. Failure to control the environment results in higher exposure to allergens and persistent asthma. Measuring total IgE levels might act as a biomarker to determine whether efforts to control the environment of suspected allergens was sufficient or need to be reevaluated. In this study, the mean total IgE level was 42.36 IU/ ml, while other studies showed higher results. The study in the US found that the mean total IgE among asthmatic patients was 85.2 IU/ml (95% confidence interval [CI]=80.5-90.1 IU/ml), while a study in Spain had much higher value, i.e. 425+624 IU/ml. 11 Higher mean serum IgE levels were also shown in India (700 IU/ml),
12 Korea (676.1 IU/ml), 13 and Oman (468 IU/ml). 14 The low total IgE levels in this study might have been caused by the use of inhalant corticosteroid; most of our study subjects (86.7%) used this medication at least once a day. Corticosteroid inhalation was chosen as a treatment in asthma management due to its ability to suppress inflammatory reaction thereby reducing asthma symptoms and prevents acute exacerbation.
9 A double-blind study concluded that the administration of beclomethasone dipropionate at 800 mg per day for 3 months could have significantly reduced total IgE levels and also improved asthma symptoms. Total IgE levels decreased 2 weeks after corticosteroid treatment. 9 Another possibility that might have caused low total IgE levels was a phenotype called neutrophilic asthma. This phenotype was characterized by eosinophil count of less than 0.5x10⁹/l, serum total IgE total less than 750 kIU/l, and neutrophil count more than 2.7x10⁹/l.
15
Neutrophilic asthma did not have pathologic thickening of subepithelial basal membrane, had more severe clinical symptoms, and tended to be steroid-resistant. 16 It is estimated that 25-50% asthma cases are neutrophilic.
17
A study in China involving 3,721 subjects with allergic disease showed that 11.1% had normal total serum IgE levels despite positive specific IgE. 18 The characteristic of the atopic condition is the detection of at least one specific IgE examination. This finding suggested that total IgE alone is not sufficient to support allergy diagnosis. Specific IgE should also be checked since it has higher specificity. When total IgE levels increase and specific IgE is positive, the diagnosis of allergic disease is more convincing.
Interpretation of serum total IgE levels in asthmatic patients must be carried out carefully. IgE response can also occur in non-allergic diseases such as helminthiasis, autoimmune diseases, actinic prurigo, and hyper-IgE syndrome.
19 Normal serum total IgE levels do not exclude the diagnosis of asthma. Serum IgE have short half-life and very low level compared to other immunoglobulins. However, its biological activity is very high because it has strong affinity to the receptors on mast cell or basophils. Therefore, the level of total IgE in the serum does not always reflect the real activity.
20
Total IgE levels in this study were significantly higher in patients with persistent asthma than those with intermittent asthma. Increasing total IgE levels were also reported among Thai patients in parallel with increasing asthma severity, from intermittent asthma (785.2±5.1 IU/ml), moderate persistent asthma (955.6±4.6 IU/ml), to severe persistent asthma (989.4±4.2 IU/ml). 21 A study found that total IgE serum in asthmatic patients was significantly higher than non-asthmatic control (151.95 IU/ ml vs. 756.26 IU/ml); more severe asthma was associated with higher total IgE levels.
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